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DBE MEASUREMENTS DURING Ft* 




A. Proll. 

The determination of the distribution of the lifting foroee 
n a wing aeotlon and on the whole width of a supporting surface, 
oonoems not simply the calculation of the strength of the oell, 
but is also very important from the aerodynamlo standpoint, slnoe 
it makes it possible to draw valuable conclusions conoernlng the 
action of the surface, its more or less favorable shape and also 
concerning the agreement of the theoretical and actual air flow. 
It has therefore long been sought to solve this problem by exper- 
imenting with models, as well as oy .any theoretical calculations. 
In passable agreement with these, 8 -called "normal oases" have 
been adopted, whioh represent possible flight conditions and typi- 
cal unfavorable kinds of loading. In this oonneotion, reference ii 
made to the publications of the 'Tlugaeugi. ei&terei " (Air servioe 
Administration), Techrdsohe Serlchte, Vol. 1, p. 81. 

In aotual flight, these oases overlap *ore or less and it is 
quite conceivable that dangerous stresses may arise from especi- 
ally unfavorable pressure ale trl out ion. Even the hitherto little 
regarded conditions in curved flight and the dynamio effeots of 
squalls are often very important in strength problems. For in- 
vestigating these effeots, it is desirable to make the pressure 

measurements on the wing Itself in a similar wa y to those made 

* From "Zeitschrift fur Flugtechnik und llotorluf tsohlffahrt, ■ 

June 30, 1931, pp. 177-181. 
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*• General Arrangement. 




Th. origin Idea .a. to x.ooxd th. at, px. 8 .ux. on th. .pot. 



that 1. without long int.xw.nlng tube., by 80Be , lBpl , aut0BaUe 
x.gl.t,xing d„l,.. Thl8 ^ therefo „ ^ ln ^ ^ 

.ion. that it could b. ln..xt.d Into th, wing b.t..« th. xlb. 
and .tand In dlx«t oonn.otion with th. px,. 8U x. opening., a. 
shown In Fig. 1. 

Th. pxw.ux. r«ord« (ng. 3) ooo.l.ted. In th. flx.t ,x- 
p.xlaent., of flat dl.u rtth thln Ai > phtAgm ana 

dlff.x«,tly oon.truot.d fox lnox.a 8 .d and di.ini.h.d ore..ux. 

" ,Ult *' 10 8 > U « <>< ad3o.t-.nt., could not b. 

oon 8 ld.x.d fx., fxo. .xxox, th. dl.u aft.xwaxd. ma<5 , ^ 

thin ooxxugatad aetal eoy.r.. ,p.olal attention *m gi„ n to the 
balanolng of th. recording .tylua. 

Th. hole. w.r. ,ltuat.d along a tddl. lln. on the uppex 
wing in a broad a.h 8 txlp. whloh replaced th. fabxlo oowxlng at 
thl. plao.. Ooapaxatlx. exp.xl«.nt. .exe al.o txl,d with ring- 
shaped tub.., inetead of .lapie on., (.ee below) . 

9 - £gll " l0a ^ *«P»rl a .n t. fox n.terl nln, th. 1f 

the Pressure Gafl e. 
Since It «. not deaon.trabl. off-hand that the all ln th. 
wing, oould not agxe. with th. .tatlo px...»x. of th. undl.tuxb«l 
.uxxoundlng alx (on account of th. gx,at.x ox .mall.x p.x».abll- 
Ity of th. fabxlo, th. opting., .to.), »h. px..,ux. reorder .a., 
in a f.. fuxth.x oo-paxatlT. .xp.xl».nt.. placed In an airtight 
.oxewed-on aluminum oaa., whloh was oonn.oted with th. lntaxlor of 



t 



the fuselage (observer* 8 post N by a tube of 30 ma. diamete 
wen here the surrounding pressure was not everywhere undisturbed, 
as was shown by the results of a few observations. 

Experiment a .- Two pressure recorders In the wing, one open 
and the other covered In the above-mentioned manner. The requi- 
site openings were looated near one another on like section 
polnte on the lower side of the upper wing. The original dia- 
grams (Figs 3 and 4) are practically the ease, only the abeolute 
defleot ions are smaller with the inclosed instrument, a like re- 
sult being obtained In a second experiment, in whloh the pres- 
sure recorders had been exchanged. The open instrument always 
showed the greater pressurs differences both on the pressure side 
(maximum 18 and 13 mm. water column) and on the suotlon side (-13 
and -8 mm.) At first this oreated the impression that, with the 
inclosed instrument, the oounterpressures were constantly dis- 

aoed in the same direction against the external pressure, con- 
stituting a kind of damping effect. It was not possible however 
to confirm any inertia effect (phase displacement) in the in- 
osed instruments. 

In another experiment of thie nature, the same phenomenon was 
exhibited in etlll greater degree. There were far greater defl co- 
lons of the open instrument, whereby, to be eure, the openinge 
or the latter were looated nearer the middle of the wing section, 
where the pressure increases rapidly. 



Fig. 5 is also interesting. This was taken with the open 
ressure recorder on a flight in whioh ourvee were constantly 



flown during the ascent. 




• The auotion effect on the lower side of the wing, whloh was no- 
ticeable in the Instrument In the wing with the strong lift be- 
fore landing, was not shown at all in the other pressure recorder. 




henoe gives greater deflections of the increased pressure reoorder 

On the other hand, the oondition mentioned under a, that the 
auction pressures of the inclosed instrument are smaller than 

os e of the open instrument, is probably due to the fact that 
there is a still more reduced prenaure in the long tube or in the 
observer 1 * cookpit. than in the wing)) 

fisperlmento on the influence of Long Pressure Tubes , 

Before bringing the pressure reoorder into the observer^ 
cookpit, it *aa first neoeesary to determine how far the long 
raall tube fron the cone would influence the pressure readings, 
especially for cudden pressure changes. Two pressure recorders 
*ere compared in the laboratory, one with a very short direct 
connection, and the other with a 8 m. aluminum tube of 3.7 mm. 
i abater. The pressures, measured *ith a manometer, oould be 
anged very rapidly, without showing any phase displacement on 
the two pressure recorder* and with scarcely any diminution in 
he deflections of the second instrument. 

The pressure recorder could accordingly be placed unhesitat- 
ingly in the observer's cockpit, which considerably facilitated 
its management and first made its adjustment possible during 
flight* ?or the further experiments, the ten holes (5 on top and 
5 on the bottom of ths wing), as shown in Fig. 13, were added, 
ith the tubes leading fc* the pressure reoordere. The latter 
ere arranged owe* MM nmx one another in a frame on the left 
side of the observer 1 s seat, whereby howerer the existing prti- 
ure differences in the dirferent parts of the observation space 

oould not be taken into account. The space however was so much 



reduced by the fixtures and by the observer himself, that dynami 
pressure dlfferenoes oould hardly be generated In the narrow in- 
tervening spaces . 



D. Fxperlments with Different Entrance Tubes. 



The air openings ordinarily employed In the wing are 2 mm. 
holes in small round steel plates, whioh are set Into the ash 
strip on the wing. Although the edges of the holes were rounded, 
there was still the conjecture that local dynamic pressures might 
be generated by these edges and accordingly tubes with ring- 
shaped opening (4 mm. diameter, 3/4 mm. wide) were sought. The 
results wsre however the same throughout, on whioh acoount the 
simple holes were considered sufficient. 



E « Provisio nal Results of Pressure Measurements . 

Simultaneously with the pressure recorders whioh were in- 
stalled in the above- described manner in the obssrver*s cockpit,* 
the flight speed was recorded by an "Atmos" speed recorder (Fig. 

9) and likewise the longitudinal dip of the fuselage axis (Fig. 

10) by means of a pendulum inclinometer with recording device. 

The readings of the latter instrument, whioh was provided with 

oil damping, could naturally hold good to only a certain extent 

for the permanent condition. A correction could be estimated 

also 

f or other conditions .*« The speed oould/be corroborated by a 

♦ The experiments were made on an old airplane of the "Hannover- 
ische waggonfabrik, • Type Han C. L II, (185 HP Opsl Argus engine. 

** The motion of the large drum of the pendulum reoorder was con- 
siderably disturbed by the vibrations, for whioh reason the marks 
in Fig. 10 do not entirely agree, in point of time, with those 
in ths othor figures. 



rail anemo tachometer. 
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Table. 



int :Tlae:Helght:Speed:Dip of fuselage: Climbing: Angle : Angle of 
. :nin.: m. : m/e : Read: Cor reo ted: Speed :of climb: attack 





1 


tl.3 : 


100 : 


31 


3 


: 4 : 


300 : 


33 


3 


: 5 : 


350 : 


36 


4 


: 8 i 


300 : 


43 


6 


:13 : 


375 : 


38 


7 


:13 : 


300 : 


47 



5° 
3 1/40 

-9.5° 



1.6 : 3 _ 

1.4 : 3 1/3° 

0.9 : 1 3/4° 

-4.3 : -5.6° 

0.7 : 1 1/4? 

-5.5 :-6 3/4° 



7" G 
5 3/4° 
5 1/4° 

4 1.3® 
-1/4° 



I 



Mean incidence of wing to fuselage axis x - & 

a = x + $ - 0 

In the table and diagrams (Figs. 8-13) the numerical values 
of one of the preliminary experiments are given, whereby the cor- 
responding points in all the diagrams are Indicated by the num- 
bers 1 to 7. Since all the instruments had not yet worked per- 
fectly, the results of these flights can make no claim to special 
rust worthiness. Namely , in the data on gliding flights (which 
were continued all too short a time for obtaining a permanent 
statue) we can obtain only a very incomplete conception of the 

ctual phenomena. The experiments described were considered only 
as preliminary experiments and were simply for the purpose of 
testing the accuracy of the many instruments. On this account, 
he flights were not carried further, especially not to great 
eights. It was Intended, however, to undertake a series of sys- 
tematic flights, but the increasingly difficult conditions and 
the flight prohibition by the Entente brought the experiments to 
premature end. 



♦ The correction is made with referenoe to the acceleration con- 
dition of the airplane, which may be estimated from the speed 

diagram* 



n possible to make a abort 



eeoondi a peed recorder was employed, according to the specificat- 
ions of Dr. wieeeleberger of the Gflttingen Aerodynamic Institute, 

ith very favorable restate. (See "Zei tsohrif t fur Flugteohnik 

for January, 

und Motorluf tschiffahrt, • 1921, p. 4.) The pressure measurements 

led to results similar to those previously obtained, for which 
reason they are omitted here* 

From the results of the pressure measurements, as given in 
the table, the temporary pressure changes at the different open- 
ings could be graphically represented. They indioate clearly the 
various flight conditions. It is however noticeable, that appar- 
ently the increased pressure effect is much greater than the suc- 
tion effect, vvhioh does not agree at all with the known Fiffel, 
Gottingen and other experiments. 

Lastly, pig. 13 shows the pressure distribution curves, along 
the wing section, Gottinge© measurements , T .E., section No. 213, 
for slightly ascending flight (experimental point Ko« 3 in the 
table) , Here it is most noticeable that the point of greatest 
pressure, according to the experiments, hole No. 2> lies oompara- 
ti wly far back of the leading edge. This may perhpps be explain- 
ed by the fact that the greatest dynamic pressure lies between 
holes 1 and 3, somewhat as shown by the extrapolated curve (lashed) 
It *7as also intended to put more holes in the front part of the 
*lng, xvhi cb ( f or reasons already mentioned) could not however 
be carried out. Even the pressure distribution in the immediate 
vicinity of the leading edge was left undetermined and it would 
be wrong anyway to draw general oonclueions from these measure- 
ments, since they were only undertaken to illustrate the methods. 



sneral, 



y further patient and oare- 



experimenting with the described method of pressure measure- 
ment, surely juat as good and, above all, more readily surveyed 
results may be obtained, than by the manometer method, and it 
-rill therefore be welcome, if a resumption of these experiment* 
should be rendered possible in the near future. 



Translated by the National Advisory Committer for Aeronautics. 



